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Developing a contributing factor classification scheme for Rasmussen’s AcciMap: reliability and
validity evaluation

One factor potentially limiting the uptake of Rasmussen’s (1997) Accimap method by practitioners is
the lack of a contributing factor classification scheme to guide accident analyses. This article
evaluates the intra- and inter-rater reliability and criterion-referenced validity of a classification
scheme developed to support the use of Accimap by led outdoor activity (LOA) practitioners. The
classification scheme has two levels: the system level describes the actors, artefacts and activity
context in terms of 14 codes; the descriptor level breaks the system level codes down into 107
specific contributing factors. The study involved 11 LOA practitioners using the scheme on two
separate occasions to code a pre-determined list of contributing factors identified from four incident
reports. Criterion-referenced validity was assessed by comparing the codes selected by LOA
practitioners to those selected by the method creators. Mean intra-rater reliability scores at the
system (M = 83.6%) and descriptor (M = 74%) levels were acceptable. Mean inter-rater reliability
scores were not consistently acceptable for both coding attempts at the system level (MT1 = 68.8%;
M T2 = 73.9%), and were poor at the descriptor level (MT1 = 58.5%; M T2 = 64.1%). Mean criterion
referenced validity scores at the system level were acceptable (MT1 = 73.9%; M T2 = 75.3%).
However, they were not consistently acceptable at the descriptor level (MT1 = 67.6%; M T2 = 70.8%).
Overall, the results indicate that the classification scheme does not currently satisfy reliability and
validity requirements, and that further work is required. The implications for the design and
development of contributing factors classification schemes are discussed.
Keywords: systems thinking; reliability; validity; incident classification
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Developing a contributing factor classification scheme for Rasmussen’s AcciMap: reliability and
validity evaluation
1. Introduction

As evidenced by a recent special issue of Applied Ergonomics that included 18 papers dedicated to
the work of Jens Rasmussen (Waterson, Jenkins, Salmon, & Underwood, 2016), Rasmussen’s (1997)
risk management framework and Accimap methodology are becoming increasingly prominent in
safety research. However, whilst there are now many peer reviewed articles that have applied both
to accidents from a wide variety of domains (Waterson et al., 2016), the method does not yet appear
to have achieved the same popularity with practitioners as has the Human Factors Accident
Classification System (HFACS; Wiegmann & Shappel, 2003). HFACS has been used across a wide
variety of industries (e.g. aviation, defence, maritime, rail) to underpin investigations, analyse
existing data and underpin incident reporting systems, and a number of organisations have
developed domain-specific variants (Baysari, McIntosh, & Wilson, 2008; Chauvin, Lardjane, Morel,
Clostermann, & Langard, 2013; O'Connor, 2008; Olsen, 2011; Olsen & Shorrock, 2010; Shappell &
Wiegmann, 2012; Walker, O’Connor, Phillips, Hahn, & Dalitsch, 2011; Wiegmann & Shappell, 2001).
In contrast, Accimap has been applied in relatively few organisations, and applications appear to be
limited to single major incident analyses (e.g. the Australian Transport Safety Board; Underwood &
Waterson, 2013a).
One of the factors potentially limiting the uptake of Accimap by practitioners is that it does not
provide a classification scheme of contributing factors to guide the analysis (Salmon, Cornelissen, &
Trotter, 2012; Underwood & Waterson, 2013b). This creates concerns regarding its reliability and
validity. In contrast to application of HFACS and its domain-specific variants, analysts must use a
“bottom-up” coding approach to identify contributing factors and relationships from the data. While
this makes the technique easy to apply to new domains, it also means that the analysis is dependent
on the subjective judgment of the analyst (Salmon et al., 2012; Underwood & Waterson, 2013b,
2014). This makes it difficult to produce useful summaries of multiple incidents and prevents
Accimap’s implementation within incident reporting systems. This article reports on the evaluation
of a contributing factor classification scheme that was developed to support the use of Accimap as
part of an incident reporting system called UPLOADS (Understanding and Preventing Led Outdoor
Accidents Data System, see Salmon et al., 2016). This work builds on earlier research that developed
a standardised format and procedure for Accimap analyses of single accidents (Branford, Hopkins, &
Naikar, 2009). The purpose of the contributing factor classification scheme reported on in this article
is to standardise the aggregation of Accimap analyses across multiple incidents.
There are various characteristics that need to be met in order for a classification scheme to prove
useful in accident analysis and prevention efforts (Wallace & Ross, 2006b). As with all ergonomics
methods, two important features are, first, that the same analyses are produced by the creators of
the method and (trained) intended end users (i.e. criterion-referenced validity), and second, that the
method is reliable when used on different occasions (by the same analysts) and by different analysts
(i.e. intra-rater and inter-rater reliability; Stanton, 2016; Stanton & Young, 1999, 2003). Intra-rater
reliability is important for contributing factor classification schemes because incident data is typically
collected and analysed over months and years – so multiple analyses of the data will be undertaken
during this time (Olsen & Shorrock, 2010). Inter-rater reliability is important where multiple analysts
or safety departments contribute to data coding, and when this is high it indicates that a
classification scheme is logically organized and parsimonious (Ross, Wallace, & Davies, 2004).
Evaluating criterion-referenced validity and intra- and inter-rater reliability allows for an initial
assessment of whether a method actually works in practice, and gives practitioners a basis for
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judging the potential utility of applying the method within their organisation (Stanton, 2016; Stanton
& Young, 1999, 2003). Despite the importance of evaluating ergonomics methods in this fashion (e.g.
Baysari, Caponecchi, & McIntosha, 2011; Cornelissen, McClure, Salmon, & Stanton, 2014; Kirwan,
1997; Stanton & Young, 1998; Stanton et al., 2009; Stanton & Young, 2003) it has rarely been
undertaken (Stanton, 2016).
The aim of the present study was to evaluate the reliability and validity of a contributing factor
classification scheme that was designed specifically for the Accimap method. The study was
conducted with the intended end users of the scheme, safety practitioners from the led outdoor
activity (LOA) domain. A test-retest paradigm was used to assess intra- and inter-rater reliability.
Validity was assessed by comparing how practitioners and the method creators assigned codes to
classify contributing factors. The following sections first present a brief overview of the context for
this research, the LOA domain, and the methodological issues that informed the design of this study.
This is followed by a description of Rassmussen’s (1997) risk management framework and Accimap
technique, and the initial development of the contributing factor classification scheme before the
evaluation results are presented.
1.1. The research context: the led outdoor activity domain
“Led” outdoor activities are formally defined as facilitated or instructed activities within outdoor
education and recreation settings (Salmon, Williamson, Lenne, Mitsopoulos-Rubens, & Rudin-Brown,
2010). Examples include activities such as bushwalking, canyoning, kayaking, rock climbing and
camping.
Over the past decade, the domain has experienced high profile fatalities that have highlighted the
systemic nature of LOA incidents (Salmon et al., 2012; Salmon et al., 2010). For example, six students
and their teacher died while on a gorge walking activity in New Zealand in 2008. The coroner and an
independent investigation highlighted multiple contributing factors relating to the instructor, her
manager, the activity centre, the local weather service, the auditing system, and government
legislation and regulation (Brookes, Smith, & Corkill, 2009; Davenport, 2010). Subsequent research
examining other fatal LOA accidents (Salmon et al., 2010) and more common, but less catastrophic,
injuries (e.g. Salmon, Goode, Lenné, Finch, & Cassell, 2014) revealed similar findings, showing how
multiple factors across the “led outdoor activity system” contribute to incidents. Prior to these
analyses, research examining incident causation in this domain had focused on the immediate
context of the incident (e.g. activity leader knowledge of environmental hazards and experience,
supervision, weather) (e.g. Brookes, 2003, 2004; Curtis, 1995; Haddock, 2004; Hogan, 2002), with
little acknowledgement of the factors at the higher levels of the system. The need for a LOA-specific
systems thinking-based approach to incident analysis and prevention was therefore identified (e.g.
Salmon et al., 2012; Salmon et al., 2010).
The contributing factor classification scheme described in this article was therefore developed to
support the application of Accimap as part of an incident reporting system to be used by LOA
organisations. The scheme is intended to be used by practitioners to guide their incident
investigations and is also implemented within an incident reporting system, known as UPLOADS
(Understanding and Preventing Led Outdoor Accidents Data System, see Salmon et al., 2016). The
intended end users of the scheme are practitioners from a diverse range of organisations including
not-for-profit outdoor education and recreation providers, outdoor education departments within
schools, school camps, adventure tourism operators and outdoor therapy programs. These
organisations range in size from large organisations with many hundreds of staff to sole operators,
and are distributed across Australia, often in remote areas (Service Skills Australia, 2010, 2013;
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Williams & Allen, 2012). These characteristics were a key consideration in developing the
contributing factor classification scheme and the associated training material (Goode, Finch, Cassell,
Lenne, & Salmon, 2014a).
1.2. Reliability and validity studies
There are a number of key methodological issues that need to be considered when designing
reliability and validity studies.
The first consideration is the presentation of the study materials. In some studies, participants use a
checklist to select all the codes that they feel apply to an incident, without specifying the
contributing factors they have identified (e.g. O'Connor, 2008). This design is not sufficient for
testing whether codes are assigned consistently applied to the same types of factors, as participants
may select the same codes but identify quite different contributing factors (Ross et al., 2004). In
other studies, participants are required to identify the factors that contribute to the incident and
select codes to describe these factors (e.g. Gordon, Flin, & Mearns, 2005). This design is also
problematic, as low inter-rater reliability may be attributable to disagreements over the relevancy of
the factor, the selection of the code, or both (Olsen, 2013; Ross et al., 2004; Wallace & Ross, 2006a).
An alternative approach is to present incident reports with a list of pre-identified contributing
factors along with a space beside each for coding (e.g. Olsen, 2011). This allows for an examination
of whether participants consistently use the same codes to describe the same contributing factors.
This design was used in the current study as the aim of study was to evaluate the reliability and
validity of the selection of codes by practitioners in the LOA domain.
Second, the type and extent of training given to participants should be explicitly justified with
reference to the intended context of use. While some have argued that high inter-rater reliability for
coding frameworks is only reached by giving extensive face-to-face training (Krippendorff, 2004), a
recent review of incident classification scheme reliability studies did not find any relationship
between inter-rater reliability and providing training by email, workbook or face-to-face group
sessions (Olsen, 2013). However, any study design where participants are allowed to discuss the
selection of codes, ask the method creators questions, or receive feedback on coding will potentially
result in improvements in inter-reliability as it allows for calibration between participants (Olsen,
2013). Conversely, this type of study design is likely to have a much smaller impact on intra-rater
reliability, and may even have a negative impact if feedback or clarification is provided between
repeated codings. We argue that the training format should be selected based on the resources
available within the intended context of use. For example, incident classification schemes designed
to be used by safety teams in large organizations might reasonably involve more training than those
designed to be used in small businesses without dedicated safety personnel. During the initial design
phase of the classification scheme, minimising workload was rated as the highest priority by LOA
practitioners (Goode et al., 2014a). Face-to-face training was considered not practical, as the end
user organisations are distributed across Australia. Therefore, the study was conducted via email
and written training material was provided.
A third, related issue, is the type of participants used in the evaluation. Wallace and Ross (2006a)
recommend involving those who will use the scheme in the “real world” (p.243). While this makes
sense intuitively, access to the intended end users may be limited; therefore researchers often make
use of human factors specialists, other researchers and students (Olsen, 2013). This, of course, leads
to criticisms of poor ecological validity. In relation to ergonomics methods more generally, Stanton
(2016) argues that a method is “considered to have minimally acceptable reliability if the method’s
expert creator could achieve repeatable results on different occasions. At the other extreme would
be a method that delivered the same results when used by anyone with even a little training” (p.
347). As the development of classification schemes involves an iterative process of testing and
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refinement, this suggests that the early stages can involve the research team or human factors
specialists, while later stages of development should involve the intended end users. The
classification scheme in this study is in its later stages of development, therefore a sample of
intended end users was involved.

Fourth, the method used to calculate reliability and validity remains a point of much contention in
the literature. The most commonly used methods are the percentage of participants who agree on a
code (e.g. O'Connor, 2008), the Index of Concordance (also referred to as raw agreement; e.g. Olsen
& Shorrock, 2010), Kappa (e.g. Makeham et al., 2008) and the signal detection paradigm introduced
by Stanton and colleagues (Baber & Stanton, 1994; Cornelissen et al., 2014; Stanton et al., 2009;
Stanton & Stevenage, 1998; Stanton & Young, 1999, 2003). The percentage of participants who
agree on a code has been widely criticised primarily as it does not take into account differences in
the total number of codes selected by each participant (e.g. Olsen & Shorrock, 2010; Ross et al.,
2004; Wallace & Ross, 2006b). In comparison, the Index of Concordance accounts for the number of
agreements and disagreements for each pair of codes assigned by each pair of participants (Ross et
al., 2004). This approach penalises classification schemes with a large number of overlapping
categories, which is consistent with the definition of poor reliability (Fleishman, Quaintance, &
Broedling, 1984). Kappa attempts to correct the Index of Concordance for “chance agreement”
(Cohen, 1960). However, a number of authors have argued that the process of coding incident
reports typically violates the basic assumptions of Kappa (i.e. the items to be coded are
independent; the categories are independent, mutually exclusive and exhaustive; and the coders
operate independently; Cohen, 1960).
An alternative approach is the signal detection paradigm, which allows for an assessment of the
sensitivity of the method (Stanton, 2016; Stanton & Stevenage, 1998). In studies assessing criterionreferenced validity, this approach can be used to assess the concordance between expert and novice
coding, by calculating the number of “hits”, “misses”, “false alarms” and “correct rejections” across
the contributing factor classification scheme. Hits represent the number codes that were selected by
both the expert and novice. Misses represent the codes that were selected by the expert but not by
the novice. False alarms represent the codes that were selected by the novice but not by the expert.
Correct rejections represent the codes from the classification scheme that were not selected by
either novice or expert. An index of sensitivity can then be calculated combining these metrics (see
Stanton & Stevenage, 1998). One drawback of this approach is that sensitivity can be artificially
inflated by a large number of correct rejections. This is particularly problematic in studies evaluating
classification schemes with large numbers of codes where only a few codes apply to each incident
(e.g. O'Connor, 2008). In these cases, it is much easier to reject a large number of codes that clearly
do not apply to an incident, than to correctly identify the codes that do apply (O'Connor, 2008). In
designing this study, a large number of correct rejections was anticipated as the contributing factor
classification scheme comprised 107 codes. This also means that the likelihood of “chance
agreement” could be considered relatively low. Therefore, the Index of Concordance was used to
calculate reliability and validity.
A final consideration is identifying a criterion for acceptable levels of reliability and validity, as there
is no universally accepted measure. A recent review found that, across 25 studies, the average value
used to indicate acceptable percentage agreement was 76%, with a range of 70% to 88% (Olsen,
2013). One problem with using the average from previous studies is that percentage agreement is
highly influenced by the sample size. It is much easier to obtain a score above 76% in a study
involving four participants (e.g. Olsen, 2011), as opposed to a study involving over 100 participants
(e.g. O'Connor, 2008). An alternative approach is to justify the criterion based on the context of
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intended end use, with reference to the error that would be acceptable to practitioners. In this
study, a criterion of 70% agreement was adopted as a reasonable minimum, in accordance with
Wallace and Ross (2006b) and evaluations of similar contributing factor classification schemes (e.g.
Olsen & Shorrock, 2010).

1.3. Rasmussen’s (1997) risk management framework and Accimap
In line with other systems based accident analysis methods (e.g. STAMP, Leveson, 2004; HFACS;
Wiegmann & Shappell, 2001), Rasmussen’s risk management framework represents socio-technical
systems as hierarchies comprising multiple levels, as shown in shown in Figure 1. Accimap is then
used to graphically represent how the conditions, and decisions and actions of various actors across
the levels of the system interact with one another to create the incident under analysis. One of the
advantages of this method is that it provides a detailed representation of incident trajectories,
incorporating contributory factors and their interrelations across the overall system. As mentioned,
a limitation of the method is that aside from the hierarchical levels the analyst is given no guidance
on: what kinds of contributory factors should be considered; at which level they should be placed;
and which contributory factors are related with one another. The classification scheme that is the
subject of this paper provides a set of codes for categorising the contributing factors by type, actor,
and level, and the relationships between them, as an attempt to overcome some of these
limitations.

Figure 1 Rasmussen's Risk Management Framework and Accimap method (adapted from Rasmussen,
1997).
1.4. Development of the contributing factor classification scheme
Development of the classification scheme involved adapting Rasmussen’s framework to describe the
“LOA system” and the identification of a set of prototype codes to populate the levels. The
prototype codes were based on: 1) a literature review of the contributing factors that have been
identified as playing a role in LOA incidents (Salmon, Williamson, Lenne, Mitsopoulos-Rubens, &
Rudin-Brown, 2009); 2) case study analyses of fatal LOA incidents (Salmon et al., 2012; Salmon et al.,
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2010); and 3) analyses of existing LOA incident data (Salmon et al., 2014). The intention was to
develop a classification scheme with enough detail so that aggregate incident could immediately be
used to understand the specific factors that are recurring across incidents without further coding,
and also show reasonable levels of reliability and validity when used by practitioners with minimal
training. These two requirements needed to be balanced against each other, as highly detailed
categories typically show poor levels of reliability and validity (Finch et al., 2012; O'Connor, 2008).
The prototype classification scheme is shown in Figure 2. The prototype used a hierarchical structure
that is a typical feature of many incident classification schemes, such as HFACS and its variants
(O'Connor, 2008; Olsen & Shorrock, 2010; Shappell & Wiegmann, 2012). The prototype had three
levels of codes: the system level, the descriptor level and the specific code level. The system level
described the ‘led outdoor activity system’ in terms of 10 codes describing the activity context; the
key people involved in the activity; and the people and agencies that impact on how the activity is
run. The descriptor level broke the first level categories down into between 2 and 13 descriptive
categories, with a total of 55 codes. The highly specific level broke the second level categories down
into between 2 and 19 highly specific factors, with a total of 325 codes. For example, Figure 3 shows
how the descriptive category “Activity Equipment” was broken down into seven highly specific
codes. The highly specific codes reflected the level of detail that was identified in pre-existing
incident reports (Salmon et al., 2014). However, it was anticipated that reliability for this level of
detail would likely be poor based on findings from evaluations of other classification schemes (e.g.
O'Connor, 2008; Olsen & Shorrock, 2010). Therefore, an initial evaluation study was conducted to
determine the appropriate level of detail for the classification scheme.
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Figure 2 Overview of prototype classification scheme in the context of the adapted Accimap
framework. System level codes are shown in bold. Descriptor level codes are presented below each
corresponding system level factor. The number of corresponding highly specific codes are indicated in
brackets.
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Figure 3 Example of the heirachical structure of the prototype taxonomy, with an example of the
level of detail captured by the highly specific factors within the taxonomy.
This early evaluation found that the inter-rater reliability of the prototype classification scheme was
very low when used by LOA practitioners to code detailed incident reports (Goode, Salmon, Lenne, &
Finch, 2014b). The findings showed that only the system level showed acceptable levels of interrater reliability, and that participants often selected many highly specific codes to describe the same
factor. In addition, many participants reported that it required over an hour to code each incident
due to the large number of highly specific codes. It was concluded that the descriptor level codes
might represent a reasonable trade-off between detail and reliability, although reliability at this level
of detail was still poor and revisions was required to ensure the codes were discrete and
parsimonious. The incident classification system was subsequently revised in light of these findings.
The revised classification scheme is presented in Figure 4, and consists of two levels of codes: the
system level and the descriptor level. The system level describes the ‘led outdoor activity system’ in
terms of 14 codes describing the actors, artefacts and activity context. The descriptor level describes
specific contributing factors relating to each of these components, with a total of 107 codes.
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Government
departments

Regulatory bodies
and associations

Local area
government,
parents and
schools,
Activity centre
management
planning and
budgeting

Supervisory and
management
decisions and
actions

Decisions and
actions of
leaders,
participants and
other actors at
the scene of the
incident

Equipment,
environment and
meteorological
conditions

N. State and Federal Government
1. Communication
2. Funding and budgets
3. Infrastructure and land management
4. Policies and legislation
5. Other

M. Regulatory bodies and Associations
1. Accreditation/licensing
2. Auditing
3. Communication
4. Curriculum of outdoor education/recreation qualifications
5. Funding and budgets
6. Interactions with government
7. Standards and code of practice
8. Other

I. Higher-level Management
1. Communication
2. Financial constraints
3. Judgement and decision-making
4. Organisational culture
5. Policies and procedures for activities
and emergencies
6. Risk assessment and management
7. Staffing and recruitment
8. Supervision of staff (e.g. Activity
Leaders, Field Managers)
9. Supervision/oversight of activities and
programs
10. Training and evaluation of staff (e.g.
Activity Leaders, Field Managers)
11. Other

J. Local Area Government
1. Auditing
2. Communication
3. Funding and budgets
4. Legal responsibility for safety
within the council area
5. Policies and procedures
6. Other

K. Schools
1. Communication
2. Dropping off/picking up
participants
3. Judgement and decisionmaking
4. Legal responsibility for safety
of staff and students
5. Planning and preparation for
activity/trip
6. Policies and procedures
7. Teacher/student ratio
8. Other

L. Parents/Carers
1. Communication
2. Dropping off/picking up
participants
3. Judgement and decision-making
4. Legal responsibility for safety of
child
5. Planning and preparation for
activity/trip
6. Other

H. Supervisors/Field Manager
1. Activity or Program design
2. Communication
3. Compliance with procedures, violations & unsafe acts
4. Experience, qualifications, competence
5. Judgement and decision-making
6. Mental and physical condition
7. Planning & preparation for activity
8. Supervision of activity leaders and other staff
9. Supervision/oversight of programs/activities
10. Other

C. Activity Leader
1. Communication,
instruction & demonstration
2. Compliance with
procedures, violations &
unsafe acts
3. Experience, qualifications,
competence
4. Judgement and decisionmaking
5. Mental and physical
condition
6. Planning & preparation
for activity/trip
7. Situation awareness
8. Supervision/leadership of
activity
9. Other

D. Activity Participant
1. Communication &
following instructions
2. Compliance with
procedures, violations &
unsafe acts
3. Experience & competence
4. Judgement and decisionmaking
5. Mental and physical
condition
6. Planning & preparation for
activity/trip
7. Situation awareness
8. Other

A. Activity Equipment and Resources
1. Documentation
2. Equipment, clothing and Personal Protective Equipment
3. Food & drink
4. Medication (for those involved in the activity)
5. Other

E. Other People in Activity
Group (not actively
participating)
1. Communication &
following instructions
2. Compliance with
procedures, violations &
unsafe acts
3. Experience, qualifications,
competence
4. Judgement and decisionmaking
5. Mental and physical
condition
6. Planning & preparation for
activity/trip
7. Situation awareness
8. Supervision of activity
9. Other

F. Activity Group
Factors
1. Communication
within group
2. Group composition
3. Group dynamics
4. Group size
5. Late arrival of
group
6. Teamwork
7. Time pressure
8. Other

G. Other People in Activity
Environment (not in Activity
Group)
1. Communication
2. Compliance with
procedures, violations &
unsafe acts
3. Experience, qualifications,
competence
4. Judgement and decisionmaking
5. Mental and physical
condition
6. Planning & preparation
7. Situation awareness
8. Other

B. Activity Environment
1. Animal & insect hazards
2. Infrastructure & terrain
3. Trees and vegetation
4. Water conditions
5. Weather conditions
6. Other

Figure 4 Overview of revised classification scheme. System level codes are numbered with letters.
Descriptor level codes are numbered below each corresponding system level code. The codes
highlighted in bold were used by the method creators to code the reports that are the focus of the
present study.
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An initial pilot of the revised classification scheme was conducted with participants with extensive
experience with human factors methods (Taylor, Goode, Salmon, Lenne, & Finch, 2015). While the
average inter-rater reliability at the system and descriptor levels was greatly improved from the
prototype, a number of codes at both levels appeared to be hard to distinguish between and were
associated with poor inter-rater reliability. To address these identified limitations, a number of
clarifications were inserted into the training material to assist in distinctions between codes.
Specifically, further explanation was provided for each category at the system level, and an extensive
set of examples including key words were developed for each. Further evaluation of the revised
classification scheme and training material is now required to establish whether they show
reasonable levels of validity and reliability when used by LOA practitioners who have little
experience in human factors methods or coding qualitative data. This is the focus of the remainder
of this paper.
1.5. Objective of the study
In summary, the aim of this study is to evaluate the intra- and inter-rater reliability and validity of a
contributing factor classification scheme when used by the intended end users, LOA practitioners.
Reliability and validity will be assessed for coding at the system level and descriptor level of
classification scheme.
2. Method
2.1. Design
A test-retest study design was used. This involved LOA practitioners using the classification scheme
on two separate occasions (Time 1 and Time 2) to code a pre-determined list of contributing factors
identified from the same pre-selected, indicative four incident reports. The period between analyses
ranged from 1 to 3 months depending on when participants returned the study materials. Ethics
approval was granted by the University of the Sunshine Coast Human Ethics Committee (A/14/604).
2.2. Recruitment
Managers and staff who, at the time of recruitment, played a key role in risk management within
LOA organizations were invited to participate through email lists maintained by the research team
and LOA professional associations (see acknowledgements). The aim was to recruit at least six to
eight participants, as per Wallace and Ross (2006a) recommendations.
Seventeen people volunteered to participate and were emailed the study materials. Twelve people
completed the first component of the study, and eleven of these completed the second,
representing a response rate of 71% and 65% respectively. Only the data for participants who
completed both components of the study were included in the analysis.
2.3. Sample
The eleven participants were primarily male (n = 10), with an average age of 42 years (SD = 5.74,
range 31 to 48). On average, participants had 17 years’ experience in the LOA sector (SD = 6.48,
range 5 to 25 years). All participants held a managerial role in their organisation with direct
responsibility for safety management (e.g. risk manager, program manager, senior teacher, director
of outdoor education).
2.4. Training material
The training manual presented a brief overview of the underpinning theoretical framework (e.g.
Rasmussen, 1997), and described each level of the classification system. The decision-gate style of
the system was described. First, system level codes were then presented, with examples of the
actors that would be categorised with each code. For example, “Other People in Activity Group”
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describes the people in the activity group who are not participating in the activity but who
contribute to the immediate supervision and provision of the activity e.g. parents, teachers, drivers,
cooks, cleaners.” Descriptor level codes were presented with extensive examples of factors that
would be assigned to each code. For example, “Supervisors/Field manager: Activity or Program
design” was presented with the examples: poorly designed activity; too many activities were
scheduled during program; activities were inappropriate for participant skill level. These examples
were taken from the analysis of over 1000 incident reports which was used by the method creators
to develop the classification scheme (Salmon et al., 2014). These examples were therefore reflective
of the method creators’ knowledge of the scheme.
Finally, a number of clarifications were presented in the manual based on issues identified in
previous evaluations (Goode et al., 2014b; Taylor et al., 2015). First, participants were instructed to
only use the information provided in the reports to code the factors, and not personal experience.
Second, they were directed that all issues with equipment should be coded to “Equipment, clothing
and personal protective equipment.” If there was explicit evidence that this failure could be
attributed to the actions of a particular actor (e.g. Activity Leader or Activity Participant), then they
should choose an appropriate second code. Third, participants were instructed that, although the
method creators had tried to reduce the overlap between the codes as much as possible, if
participants perceived that more than one code could be used to describe a particular factor, then
they should select all of these codes. This final instruction was included to determine whether
further distinctions between codes are required.
2.5. Content of coding booklet
The first section of the coding booklet asked participants for basic demographic information (e.g.
age, gender, organisational role, and experience in the LOA sector).
The second section of the booklet contained four detailed incident reports, approximately half to a
full page in length (single spaced). Only four incidents were presented in this study, as many
participants in an earlier reliability study involving 10 reports had complained about the length of
time required to complete the tasks (Goode, Salmon, Lenne, & Finch, 2014c).
The reports were developed to describe a range of contributory factors from the incident
classification system. The reports were adapted from the Australian Accident Register, an online
publicly accessible voluntary report database of accidents and serious near misses from the LOA
community (https://groups.google.com/forum/#!forum/australian-accident-register). Any
identifying information that referred to organisations, people or locations was changed to reflect
their roles to protect the privacy of the people involved. Some details in the reports were extended
to provide further details of potential contributing factors for the purpose of the coding exercise.
The four reports described: (1) An outdoor rock climbing activity with adult participants which
resulted in a serious injury to an Activity Leader; (2) A canyoning activity involving a large
inexperienced adult group which resulted in an injury to a participant, an overdue group and a mass
rescue operation; (3) A student on a school camp with a severe asthma attack, which required an
emergency evacuation; and (4) An orienteering activity with a school group involving the drowning
of a student.
After each report, a list of contributing factors identified by the first and second authors as
contributing to the incident was presented, with a space to list the codes from the scheme that best
described the factor. Table 1 shows the number of contributing factors presented after each
incident, and the codes used by the method creators to classify them. Based on the codes used by
the method creators to classify the contributing factors, the four reports covered 11 out 14 system
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level codes, and 30 out 107 descriptor level codes; this is represented on the overview of the
classification scheme presented in Figure 4.

Table 1 Summary of the number of contributing factors presented after each incident and the codes
used by the method creators to classify them. The description of each code is presented in Figure 4.
Incident
1
2
3
4

No. of contributing
factors presented
13
14
8
15

Codes used by method creators to classify the contributing
factors
A2, A2, C2, C5, B5, C5, C4, D1, D3, H1, H8, I7, H8, I7
A2, A2, D3, C1, C3, F4, H2, A1, I5, C4, D5, D1, C6, I5, N1
D5, A4, D1, C4, K3, I9, I5, K1
A2, C1, C3, B3, J2, I6, C7, I5, A2, I5, C3, I10, H7, A1, I5, M2

2.6. Procedure
Only the third author, who was not involved in the development of the method, had contact with
participants during the study. Participants completed an online form to indicate their interest in
participating in the study. All subsequent correspondence was conducted via email.
For the first coding (Time 1), the training manual and coding booklets were emailed to participants,
with a request to email the completed booklets back to the same email address within a fortnight.
Participants received three email reminders at weekly intervals. If they did not respond, they were
not included in the second phase of the study. Consent was indicated by returning the coding
booklets.
For the second coding (Time 2), the same training material and coding booklet was emailed a month
after they had returned their first coding booklet, with a request to return the completed analyses
within a fortnight. They were instructed not to refer to their earlier analyses and to read through the
training manual again. Participants again received three email reminders to return the coding
booklets.
Participants did not receive any feedback on the accuracy of their coding at any stage during the
study. No clarifications regarding the training manual or classification scheme were provided.
2.7. Method creator coding
The method creators (the first and second author) independently completed the coding booklets.
There was approximately 95% agreement between them regarding the selection of codes across the
four incidents. There was disagreement over two factors where the second author perceived that
two codes applied to each factor. It was decided to include these codes in the criterion for the
validity assessment.
2.8. Data analysis
The Index of Concordance (see Wallace & Ross, 2006b) was used to calculate percentage agreement
at the system level and descriptor level of the classification scheme. For each pair of coders, this
involved scoring agreement or disagreement for each pair of codes assigned to each contributing
factor in the pre-determined list for each incident. For each pair of coders, the total number of
agreements was then divided by the total number of agreements and disagreements
(agreements/(agreements + disagreements). The mean was then calculated across all pairs of
coders.
Agreement was assessed at both the system level and descriptor level for each pair of codes. For
example, if Participant 1 selected the code “ACTIVITY EQUIPMENT AND RESOURCES: Equipment,
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clothing and Personal Protective Equipment” and Participant 2 selected the code “ACTIVITY
EQUIPMENT AND RESOURCES: Other” to describe the contributing factor “Activity Leader forgot to
wear helmet”, then they would be scored “Agreement” at the system level, and “Disagreement” at
the descriptor level. If Participant 2 chose an additional code to describe the contributing factor,
then they would receive a “Disagreement” for both levels for this code. For the system level and the
descriptor level, the proportion of agreeing pairs of codes out of all possible pairs of codes was then
calculated for each pair of coders and converted to a percentage (i.e. number of agreements divided
by the number of agreements and disagreements, multiplied by 100).
To assess intra-rater reliability, the codes selected by each participant at time 1 and time 2 were
compared. The Index of Concordance was then calculated for each incident.
To assess inter-rater reliability, the codes selected by each participant were compared to all other
participants for time 1, and again for time 2. The mean Index of Concordance across all pairs of
participants was then calculated for the four incident reports for time 1 and time 2.
To assess validity, the codes selected by each participant were compared with those selected by the
method creators for time 1, and again for time 2. The mean Index of Concordance across all
participants was then calculated for the four incident reports for time 1 and time 2.
A criterion of 70% was used to evaluate whether the validity and reliability of the classification
scheme was acceptable.
3. Results
3.1. Number of codes selected for each incident
The number of codes selected by the method creators and participants to describe the contributing
factors involved in each incident is shown in Table 2. Overall, the number of codes selected is similar
to the number of contributing factors presented for each incident. This provides an initial indication
that the majority of codes are distinct from one another. On average, participants selected a similar
number of codes as the method creators, however, participants tended to select more codes on the
first coding attempt. This indicates that the application of the codes may become clearer with
practice.
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Table 2 Number of codes selected by the method creators and participants for the four incidents at
time 1 and time 2
Coder

Method
creators
1
2
3
4
5
6
7
8
9
10
11

Incident 1
(13 factors)
Time
1
2
14
14
15
13
13
16
15
13
16
13
17
13
15

15
13
13
13
13
13
18
13
16
13
13

Incident 2
(14 factors)
Time
1
2
14
14
15
14
16
14
21
14
19
14
18
15
17

15
14
14
14
15
14
17
14
16
14
14

Incident 3
(8 factors)
Time
1
2
8
8
8
8
8
9
8
8
9
8
10
8
8

8
8
8
10
8
9
9
8
9
8
8

Incident 4
(15 factors)
Time
1
2
16
16
15
15
20
15
22
15
19
15
19
18
17

16
17
15
16
17
19
15
21
16
15

3.2. Intra-rater reliability
A summary of the intra-rater reliability scores for each participant, along with the days between the
first and second coding attempts, is shown in Table 3. The results show that the mean Index of
Concordance between the two coding attempts was above the acceptable threshold for the system
level and descriptor level codes. There was no obvious relationship between the days between
coding attempts and the mean Index of Concordance. At the individual level, all participants apart
from Participant 4 scored above the acceptable threshold at the system level. Seven out of 11
participants scored above the acceptable threshold at the descriptor level. Participant 4’s scores in
comparison to the sample indicate they are potentially an outlier; therefore they were excluded
from further analyses.
Table 3 Summary of intra-rater reliability scores: mean Index of Concordance (%) for system level and
descriptor level codes assigned by the same participants across the four incidents at time 1 and time
2
Participant
1
2
3
4
5
6
7
8
9
10
11
Mean overall

Days between
Time 1 and Time 2
34
62
43
58
38
79
78
77
48
28
51
54

System
level (%)
93.4
89.4
94.6
69.3
79.0
74.4
79.7
88.4
81.8
83.2
86.3
83.6

Descriptor
level (%)
80.2
80.6
92.7
56.9
67.9
72.2
61.7
90.9
73.4
71.9
65.4
74.0
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3.3. Inter-rater reliability
Descriptive statistics for the inter-rater reliability scores for the system level codes and descriptor
level codes are shown in Table 4. At the system level, the results show that the mean Index of
Concordance was slightly below the acceptable threshold for time 1, and slightly above for time 2. At
the descriptor level, the results show the mean Index of Concordance was substantially below the
acceptable threshold for both coding attempts. However, at both levels, the large standard
deviations indicate that was also a wide variation in agreement amongst participants.
Overall, there were many system and descriptor level codes where there was a lack of agreement
between participants. Two consistent difficulties were identified: identification of the appropriate
actors at the higher levels of the framework; and attribution of codes to factors relating to activity
equipment and resources. In relation to the first issue, participants often disagreed about whether a
factor related to “supervisors/field manager”, “higher-level management” or “schools”. In relation to
the second issue, some participants assigned “lack of equipment/medication/documentation” to the
actor responsible (e.g. activity participant or leader), rather than to the object.
Table 4 Descriptive statistics for inter-rater reliability scores: mean (M) Index of Concordance (%)
between coders for system level and descriptor level codes for each incident at time 1 and time 2

Incident
1
2
3
4
Mean overall

System level
Time
1
2
M
SD
M
SD
73.1
9.2
75.3 11.1
66.0 11.9 78.2
9.5
73.8 11.6 71.6 15.3
62.2
9.1
70.3
8.8
68.8 10.5 73.9 11.2

Descriptor level
Time
1
2
M
SD
M
SD
57.2 11.5 64.2 11.7
58.2 12.8 64.1 10.2
56.8 15.2 61.9 13.5
61.7 10.6 66.4 10.5
58.5 12.5 64.1 11.5

3.4. Validity
Descriptive statistics for the validity scores for the system level codes and descriptor level codes are
shown in Table 5. At the system level, the results show that the mean Index of Concordance was
above the acceptable threshold for time 1 and time 2. At the descriptor level, the results show that
the mean Index of Concordance was slightly below the acceptable threshold for time 1, and slightly
above for time 2. However, at both levels, the large standard deviations indicate that was also a
wide variation in agreement amongst participants with the method creators.
Overall, there were many descriptor level codes where there was a lack of agreement between the
participants and method creators; however, two consistent problems were identified. First, the
contributing factors where the method creators had selected two codes to describe a factor were
consistently associated with poor agreement, as participants tended to agree on one code but not
the other. Second, agreement regarding contributing factors relating to activity equipment and
resources was poor, as some participants assigned “lack of equipment/medication/documentation”
to the actor responsible (e.g. activity participant or leader), rather than to the object.
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Table 5 Descriptive statistics for validity scores: mean (M) Index of Concordance (%) between method
creators and participants for system level and descriptor level codes for each incident at time 1 and
time 2
System level
Time
1
Incident
1
2
3
4
Overall

M
79.8
73.7
73.1
69.1
73.9

2
SD
10.0
8.4
12.1
10.5
10.3

M
79.4
79.9
70.2
71.7
75.3

SD
9.2
9.0
10.5
7.7
9.1

M
65.3
68.4
63.5
73.3
67.6

Descriptor level
Time
1
2
SD
M
10.3 70.9
9.8
71.5
18.2 65.2
9.1
75.8
11.9 70.8

SD
12.9
8.8
14.2
11.5
11.9

4. Discussion
The aim of this study was to evaluate the reliability and validity of a classification scheme that was
developed to support the use of Accimap by LOA practitioners. Reliability and validity was evaluated
for practitioner coding at both the system level and descriptor level of the classification scheme. The
results show that the classification scheme shows acceptable levels of intra-rater reliability at the
system and descriptor levels when used by the same practitioner to code incident reports on two
separate occasions. However, the classification scheme did not consistently achieve acceptable
levels of inter-rater reliability at the system level when used by multiple practitioners to code the
same incident reports, and inter-rater reliability at the descriptor level was poor. In terms of validity,
on average there was an acceptable level of agreement between the system level codes selected by
the method creators and practitioners; however, the classification scheme did not consistently
achieve acceptable levels of validity at the descriptor level. In addition, the extent of agreement
varied widely amongst practitioners. Overall, the results indicate that the classification scheme does
not currently satisfy reliability and validity requirements, and that further work is required. The
implications of the findings for the design and development of contributing factors classification
schemes are discussed in the following sections.
In line with many other evaluations of contributing factor classification schemes (Baysari et al., 2011;
Gordon et al., 2005; O'Connor, 2008; O'Connor, Walliser, & Philips, 2010; Olsen, 2011; Olsen &
Shorrock, 2010), the results highlight the difficulty of designing a scheme that is reliable and useful
(i.e. sufficiently detailed for coding specific contributing factors). In general, classification schemes
with specific categories tend to achieve poor levels of reliability (Gordon et al., 2005; O'Connor,
2008; O'Connor et al., 2010; Olsen & Shorrock, 2010). From these studies, researchers have typically
concluded that the number of categories should be reduced or that practitioners require “more
training” in order to be able to use the scheme. Both of these options reduce the potentially
usefulness of applying the method in practice, especially if the method creators need to provide end
users with extensive face-to face training to achieve acceptable levels of reliability and validity
(Stanton, 2016). This is often not practical, especially when linked to a research project and the
funding expires.
Whilst it is important to examine how the levels of reliability and validity improves with more
exposure to the method, the findings from this study suggest an initial compromise based on the
intended context of application. Specifically, the results show that the most detailed level of the
scheme has acceptable levels of reliability when a single analyst applies it on repeated occasions.
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Therefore, it would be appropriate for a safety manager to use this level to analyse an organisation’s
incidents over time, and aggregate the findings to identify trends. However, if multiple analysts were
involved in analysing incidents, then to maintain reliability, only the highest level of the classification
scheme should be applied. In order to identify recurring problems, a single analyst could then apply
the more detailed level of the scheme to code the incidents prior to aggregation and analysis.
Similarly, the findings suggest that it would be appropriate to implement the highest level of the
classification scheme within an incident reporting system. Again, additional coding at the more
detailed level could then be undertaken by a single analyst prior to aggregation and analysis. In all
the cases described above, aggregate analyses produced by a single analyst should be verified (i.e.
checked) by other analysts to ensure that the conclusions drawn from the reports about the specific
factors involved are appropriate, and disagreements resolved through discussion. This approach is
consistent with the procedure often reported in published Accimap analyses to establish the validity
of the analyses (i.e. Salmon et al., 2012; Underwood & Waterson, 2014).
Applying this approach to other classification schemes is, of course, dependent upon the availability
of information on their reliability, validity and training requirements. The lack of evidence in this
area, compared to the vast number of classification schemes that have been developed for incident
coding, has been repeatedly noted (Beaubien & Baker, 2002; Mitchell, Williamson, Molesworth, &
Chung, 2014; Olsen, 2011; Olsen & Shorrock, 2010), and is consistent with research on the reliability
and validity of human factors methods more generally (Stanton, 2016; Stanton & Stevenage, 1998;
Stanton & Young, 1999). The iterative evaluation process that we have used to develop the
contributing factor classification scheme reported on in this paper represents an attempt to address
this gap in the literature. The findings of this study, compared with previous evaluations of the same
scheme (Goode et al., 2014b; Taylor et al., 2015), illustrates that reliability and validity can change
dramatically over the course of development. It is also likely that reliability and validity will change in
a positive direction based on end-user familiarity and experience levels. Despite this, few studies
have examined reliability and validity levels over a significant period. Studies with significant periods
between coding exercises (e.g. 12 – 24 months) are therefore recommended.
The findings from this study are also relevant to the on-going debate within the ergonomics
literature regarding the relationship between validity, reliability and utility, and their relative
importance in the development of ergonomics methods. On the one side, Stanton (Stanton, 2016;
Stanton & Young, 1999, 2003) has repeatedly called for further studies evaluating the validity and
reliability of ergonomics methods, as there is little point employing methods that do not satisfy this
basic requirement (i.e. they are not useful because they are inaccurate). On the other side, others
have argued that it may not always be possible or necessary to develop methods that meets all three
requirements (e.g. Waterson, Clegg, & Robinson, 2014; Waterson et al., 2016). For example,
Waterson et al. (2016) argues that the primary feature of Accimap is that it is relatively easy to use
and provides an understanding of the factors which caused the accident (i.e. it is useful, but not
necessarily accurate). The latter point of view is potentially reasonable if Accimap is only applied to
analyse single incidents. However, the findings from this study illustrate that establishing satisfactory
levels of reliability and validity is extremely important if the intention is to aggregate the findings
across multiple incidents.
One caveat to the conclusions that can be drawn from this study is that the focus was on coding preexisting incident reports. As noted in the introduction, one purpose of the scheme is to guide the
collection of data during investigations, and subsequently support the understanding of the
contributing factors involved. Further research is required to determine whether the scheme
supports practitioners’ understanding of incidents from a systems perspective during the
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investigation process. The reliability and validity of the scheme would be completely different under
these conditions, and this requires further investigation.
The limitations of the current study should also be acknowledged, which also suggest directions for
further research. The key limitation is that the study was conducted by the method creators. While
the study was designed so that there was no contact between the participants and the research
team during the study period, or through feedback on the results, different results may be obtained
by an independent research team. For example, a different research team may have made different
decisions regarding the selection of incident reports. Second, reliabilty and validity was only
evaluated for a small number of incident reports, which only covered a portion of the classification
scheme. This limits the conclusions that can be drawn regarding the overall reliability and validity of
the scheme. As noted in the method, the number of reports was limited so that the study would not
place an unreasonable burden on participants. Future studies could overcome this problem by
dividing the sample into sub-groups who all code different reports. Third, the scope of the study was
constrained to specifically examine the selection of codes to describe contributing factors; intrarater reliability is likely to be poorer under conditions where practitioners independently identify
relevant contributing factors from incident reports. Overall, these limitations suggest the need to
examine the reliability and validity of the classification scheme when it is used by practitioners to
analyse and code their own incident reports, in the course of their normal work activities. This study
was undertaken following the evaluation reported in this paper, and is reported in a separate
manuscript (Goode, Salmon, Taylor, Lenné, & Finch, 2016).
In conclusion, this paper describes the research undertaken to develop and evaluate a domainspecific contributing factor classification scheme to support practitioners’ application of Accimap to
analyse LOA incidents. The results suggest the requirements for implementing the scheme within
the LOA context with minimal training may need to be reconsidered. It seems unlikely that the
scheme will ever show acceptable levels of inter-rater reliability and criterion-referenced validity
under these conditions. The study clearly illustrates the challenges associated with designing a valid,
reliable and useful classification scheme to support the application of Accimap within organisations.
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